Introduction
============

Respiratory diseases have been considered to contribute to the global burden of disease in the last two decades. Lung diseases that have attributed to global mortality rates include lower respiratory infection, chronic obstructive pulmonary disease (COPD), lung cancer, tuberculosis and pneumonia infection. According to the World Health Organization, by 2030, morbidity rates due to respiratory diseases may increase based on the rise of air pollution, chronic respiratory problems and respiratory infections associated with all health-related issues worldwide. Despite an alarming increase in this issue worldwide, the complexity of chronic airway or lung inflammation remains a serious limitation in establishing a clear understanding of such diseases ([@b1-ijmm-43-01-0393]).

Lung inflammation is usually caused by pathogens or by exposure to toxins, pollutants, irritants, and allergens. Acute lung inflammation includes pneumonia and acute respiratory distress syndrome; whereas chronic inflammation includes asthma and COPD ([@b2-ijmm-43-01-0393]). In laboratory animals, lung inflammation is detected by the presence of inflammatory markers, including immune cells and cytokines, in the bronchoalveolar lavage fluid of sacrificed animals ([@b3-ijmm-43-01-0393]). The respiratory system comes into direct contact with a low level of lipopolysaccharide (LPS) present as a contaminant in airborne particles. Exposure to LPS results in several characteristics of lung inflammation, including the upregulation of myosin light chain phosphorylation and airway epithelial barrier permeability with increasing levels of albumin, myeloperoxidase activity and infiltration of neutrophils ([@b4-ijmm-43-01-0393]), and can cause acute lung injury due to bilateral alveolar infiltration, lung edema and respiratory failure. Therefore, a better understanding of the pathogens or stress associated with lung inflammation and potential targets for treatment which can maintain lung homeostasis, is always dependent on the characteristics of cells or tissue involvement.

Fibroblasts, which are traditionally recognized as quiescent cells responsible for extracellular matrix production, are known to be actively involved the immune system ([@b5-ijmm-43-01-0393]). In chronic lung diseases, the number and phenotypes of fibroblasts cells are altered as they are able to modulate the immune response, however, any impairment in immune regulation involves the disruption of controlling activity and leads to inflammation and damage ([@b6-ijmm-43-01-0393]). Previous studies have implicated fibroblasts as cells which contribute to disease persistence and define anatomical location. Therefore, fibroblasts are an attractive therapeutic target as they assist in orchestrating the infiltration of inflammatory agents ([@b7-ijmm-43-01-0393]). Essential oils, including hinoki cypress leaf oil, have long been used as commercialized products, including fragrances ([@b8-ijmm-43-01-0393]), air purifiers and human-safe insect repellent ([@b9-ijmm-43-01-0393]).

The physiological activities of phytoncide extract include anti-oxidant, antimicrobial, insecticidal and antifungal properties ([@b10-ijmm-43-01-0393]). It can also be used as an alternative antibiotic in weaning pigs via dietary supplementation ([@b11-ijmm-43-01-0393]). The forest bathing of phytoncide volatile oil has shown to increase natural killer (NK) cells ([@b12-ijmm-43-01-0393]), decrease stress hormones ([@b13-ijmm-43-01-0393]) and even induce physiological relaxation through olfactory stimulation in humansin aromatherapy ([@b8-ijmm-43-01-0393]). Monoterpenes of plant essential oils exert several antitumor activities ([@b14-ijmm-43-01-0393]), whereas monoterpene 1.8-cineole of *Eucalyptus globulus* oil ([@b15-ijmm-43-01-0393]) and tymol, carvacrol, *p*-Cymene from *Lippia sidoides* leaves ([@b16-ijmm-43-01-0393],[@b17-ijmm-43-01-0393]) have shown inflammatory activities *in vivo*. *Chamaecyparis obtusa* (*C. obtusa*) essential oil extract has shown to have an anti-inflammatory effect against paw edema and peritonitis ([@b18-ijmm-43-01-0393]). However, cypress leaf essential oil-derived terpenes have not been examined *in vitro* or *in vivo* for their potential in attenuating inflammatory mediators in lung inflammation.

Therefore, the present study investigated the anti-inflammatory effect of hinoki cypress leaf extracted essential oil in LPS-stimulated WI38 fibroblast cells by inhibiting the nuclear factor κ-light-chain-enhancer of activated B cells (NF-κB) pathway and its ability to enhance the lung tissue capacity of Sprague-Dawley rats.

Materials and methods
=====================

Plant material and preparation of leaf essential oil
----------------------------------------------------

Shredded and frozen hinoki (*C. obtusa*) leaves (\<1 cm in length) were kindly provided by Napoli Co., Ltd. (Tonyoung, South Korea) in May 2017. The leaves (\~600 g) were placed in a 2 l round-bottom flask with 1.2 l de-ionized water and a Clevenger-type apparatus was then attached to collect the essential oil. Following 11 h of steam distillation, the volume of essential oil was measured, and the oil was then transferred to a 15 ml vial and weighed. The oil yield was calculated according to the following equation: Essential oil (w/w%) = (weight of essential oil/weight of hinoki leaves) x 100.

Phytoncide essential oil with 100% mixture and 100% purity at a concentration of 1 gm/ml (1 ml) stock was obtained from Professor Sung Phil Mun of Chonbuk National University (Jeonju, South Korea).

Essential oil analysis using GC/MS
----------------------------------

A GC/MS QP 2010 (Shimadzu Corporation, Kyoto, Japan) equipped with a CBP5 fused silica capillary column (30 m x 0.25 mm i.d., 0.25 *µ*m film thickness; Shimadzu Corporation) was used for the analysis of the leaf essential oil constituents. The oven temperature was maintained at 40°C for 5 min, and then increased by 3°C/min to 220°C and increased again by 10°C/min to 280°C and held for 5 min. The injector temperature was 300°C and the interface temperature was 230°C with the EI mode at 70 eV. He gas was used as the carrier gas at a flow rate of 1 ml/min and the split ratio was 1:30. The MS scan range was m/z 35-500. Identification of the oil components was based on comparisons of relative retention indices calculated from a mixture of aliphatic hydrocarbons ranging between C7 and C30 and from the NIST11 database (<https://www.nist.gov>).

Chemical and reagents
---------------------

LPS and 3-(4,5-dimethylthiazol- 2-yl)-2,5-diphenyltetrazolium bromide (MTT) were purchased from Sigma-Aldrich; Merck KGaA (Darmstadt, Germany). α-minimum essential medium (MEM) was purchased from Lonza Group, Ltd. (Walkersville, MD, USA). Fetal bovine serum (FBS) and penicillin/streptomycin (P/S) antibiotics were obtained from Gibco; Thermo Fisher Scientific, Inc. (Waltham, MA, USA). The materials and chemicals used for electrophoresis were obtained from Bio-Rad Laboratories, Inc. (Hercules, CA, USA). The primary antibodies against rabbit inducible nitric oxide synthase (iNOS; cat. no. 13120), p65 (cat no. 8242S), phosphorylated (p)-p65 (cat. no. 3033S), nuclear factor NF-κB inhibitor (IκB)-α (cat. no. 4812S), and anti-rabbit Alexa fluor 594 (cat. no. 8889S) conjugate were purchased from Cell Signaling Technology, Inc. (Beverly, MA, USA). Cyclooxygenase-2 (COX-2; cat. no. SC-1745) goat polyclonal and donkey anti-goat (cat. no. SC-2354) IgG HRP conjugate secondary antibodies were purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). Anti-rabbit (cat. no. ADI-SAB-300) IgG horseradish conjugate secondary antibody was obtained from Enzo Life Sciences, Inc. (Minneapolis, MN, USA). Goat anti-mouse (cat. no. A90-116P) IgG HRP conjugate secondary antibody was purchased from Bethyl Laboratories, Inc. β-actin (cat. no. MAB1501) antibody was purchased from EMD Millipore (Billerica, MA, USA). All chemicals used were of the highest grade commercially available.

Experimental animals
--------------------

Male Sprague-Dawley rats (6-week-old, 150 g; Samtaco, Osan, Korea) were used for the *in vivo* experiments. The experiment was performed following the standard animal science guidelines reviewed and approved by the Ethics Committee of Gyeongnam Biological Resource Research Center (Gyeongnam, Korea). Prior to use, the rats were acclimatized for 3 days in a normal room ambience (room temperature: 20-24°C; relative humidity: 40-70%; 12 h light/dark cycle), with free access to standard rodent chow and softened tap water. Each group consisted of three rats and comprised the control and phytoncide essential oil-inhaled groups. Phytoncide essential oil (100 kg/cm^3^ maximum, as per the recommendation of Chunbuk National University) was administered through an oxygen channel into the cage for 4 weeks. After 4 weeks, all mice were anesthetized with ether solution and sacrificed by cervical dislocation.

Hematoxylin and eosin staining
------------------------------

The xenograft lung tissues were fixed with 4% paraformaldehyde overnight. The tissues were then embedded with paraffin. The embedded paraffin was removed from the samples with 100% xylazine and dehydrated with different concentrations of ethanol (95, 90, 80, and 70%). The tissue samples were stained with hematoxylin for 3 min and placed on 0.3% acid alcohol for differentiation. The samples were rinsed with Scott's tap water prior to exposure to eosin solution for 3 min. Following staining with hematoxylin and eosin, tissue samples were dried and protected with a cover slide. The samples were then observed under a light microscope.

Cell culture
------------

The WI38 human embryonic fibroblast, lung tissue-derived cell line was obtained from the Korean Cell Line Bank (Seoul, Korea). The WI38 fibroblast cells were maintained in α-MEM media supplemented with 20% heat-inactivated FBS and 1% P/S at 37°C in a 5% CO~2~ incubator. The LPS was dissolved in 1X PBS.

Cell viability
--------------

To assess WI38 cell compatibility, the cells were seeded at a density of 6×10^5^ cells per well in 24-well plates and treated with various concentrations of phytoncide essential oil (1-50 *µ*g/ml) and LPS (1-10 *µ*g/ml) followed by incubated at 37°C for 24 h. An MTT assay was performed to evaluate cell viability. Following treatment, MTT solution (5 mg/ml in 1X PBS) was added followed by incubation for 3 h at 37°C in the dark. The formazan crystals formed were solubilized by incubating cells with 500 *µ*l of DMSO. Cell absorbance was read by an enzyme-linked immunosorbent assay (ELISA) plate reader (BioTek Instruments, Inc., Winooski, VT, USA) at 540 nm. Cell proliferation was quantified as a percentage compared with the positive control and negative control group accordingly, which was set at 100%.

Western blot analysis
---------------------

Briefly, the WI38 cells, which had been pre-treated with 1-10 *µ*g/ml phytoncide essential oil for 1 h prior to 5 *µ*g/ml of LPS for 24 h, were lysed overnight with RIPA lysis buffer containing phosphatase inhibitor cocktail, protease inhibitor and EDTA (Thermo Fisher Scientific, Inc.). The extracted proteins were then centrifuged at 21,000 × g for 30 min at 4°C to remove debris. The proteins were resolved using 10-12% SDS-PAGE and subsequently transferred onto a poly-vinylidene difluoridemembrane (Immunobilon-P, 0.45 mm; EMD Millipore) using the TE 77 Semi-Dry transfer unit (GE Healthcare Life Sciences, Chalfont, UK). The membranes were blocked with 5% non-fat milk in Tris-buffered saline containing 1% Tween-20 (TBS-T, pH 7.4) or 1X phospho blocking solution (TransLab Biosciences, Daejeon, Korea) at room temperature for 1 h. The blots were probed with a 1: 1,000 dilutions for the primary antibodies viz., iNOS, p65, p-p65, IκB-α and 1:250 for COX-2 at 4°C for overnight. The membranes were washed five times with TBS-T, and were then incubated with diluted enzyme-linked secondary antibodies at 1:1,000 for anti-rabbit, 1:2,000 for anti-goat and 1:3,000 for anti-mouse at room temperature for 3 h. The membranes were then visualized using an enhanced chemiluminescence kit and western blotting detection reagents (GE Healthcare Life Sciences). ImageJ software v.1.51u (National Institutes of Health, Bethesda, MD, USA) was used to quantify each protein band, followed by densitometry reading performed following normalization with the expression of β-actin.

Confocal imaging
----------------

Briefly, the cells were seeded on 15 mm microscope cover glass (Paul Marienfeld GmbH & Co., KG, Lauda-Königshofen, Germany) at a density of 5×10^6^ cells/well in 12-well plates and grown overnight, followed by pre-treatment with essential oil and LPS stimulation for 24 h. For antibody labeling, the cells were first fixed with 37% formaldehyde and 95% ethanol (1:4) for 15 min at room temperature, followed by washing with 1X PBS three times (5 min/wash) and blocking with 1% BSA (Bioshop, Canada, Inc., Burlington, ON, Canada)/1X PBS for 1 h at room temperature. The cells were probed overnight with a 1:100 ratio of diluted antibody (p-p65) at 4°C. Following washing with 1X PBS four times (7-10 min/wash), the cells were blocked with 1:250 diluted anti-rabbit Alexa fluor 594 conjugate Red at room temperature for 1 h. The cells were then washed with 1X PBS and mounted with 4′,6-diamidino-2-phenylindole mounting solution on slides purchased from Vector Laboratories, Inc. (Burlingame, CA, USA) and were designated for confocal image analysis. All confocal images were captured with a ×20 oil objective (numerical aperture 3.5) lenses of Olympus Fluoview FV1000. FV10-ASW 3.1 viewer software (Olympus Corporation, Tokyo, Japan) was used to extract the images.

Statistical analysis
--------------------

The obtained results are expressed as the mean ± standard deviation of a minimum three replicates in independent experiments. The data were analyzed by one-way analysis of variance followed by Tukey's test for the comparison of multiple independent variables using GraphPad Prism v.5.0 for Windows (GraphPad Software, Inc., La Jolla, CA, USA). P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

Quantification and characterization of terpenes
-----------------------------------------------

Steam distillation of *C. obtusa* leaves produced a light yellow-colored oil with a yield of 1.59% (w/w) based on green leaf. The GC/MS analyzed peaks revealed \>24 components in the total ion chromatogram, as shown in [Fig. 1](#f1-ijmm-43-01-0393){ref-type="fig"}. A total of 23 compounds ([Table I](#tI-ijmm-43-01-0393){ref-type="table"}) were identified from the leaf oil of *C. obtusa*. Among the leaf oil compounds, monoterpenes and oxygenated monoterpenes were predominant (59.23%), followed by sesquiterpenes and oxygenated sesquiterpenes (39.65%). Among the monoterpenes and oxygenated monoterpenes, sabinene (10.42%) and α-terpinyl acetate (18.89%) were the major compounds, with oxygenated sesquiterpenes carrying elemol (17.45%) as the main compound including sub major compounds listed in [Table II](#tII-ijmm-43-01-0393){ref-type="table"}. The compounds were identified with reference to previous studies ([@b19-ijmm-43-01-0393]-[@b22-ijmm-43-01-0393]).

Phytoncide essential oil enhances lung alveolar capacity
--------------------------------------------------------

To evaluate the effect of phytoncide essential oil on rats via olfactory stimulation, the lungs were removed followed by subsequent fixing and staining. In order to investigate the histopathological changes in the phytoncide essential oil-administered or inhalation model, hematoxylin and eosin staining was performed. It was observed that xenograft lung tissues in the test group showed more alveoli in the lungs than the control group ([Fig. 2](#f2-ijmm-43-01-0393){ref-type="fig"}). No significant difference between the control and test group was found when comparing the thickness of the interstitial space layer, with the exception ofin the nucleus. There was no exudate found inside the alveolar layer. An increase of spontaneous volume and a decrease in alveolar dead space were observed. In addition, no toxic interstitial pneumonia or inflammation was observed in the test group rats, confirming that there was no microbial infection in the lungs. This observation indicates that the airway inhalation of phytoncide essential oil by Sprague-Dawley rats did not cause any microbial infection or inflammation over the course duration of phytoncide administration. Instead, there was an enhancement in the breathing capacity of the lungs.

Effect of phytoncide essential oil on cell viability and LPS stimulation on WI38 fibroblast cells
-------------------------------------------------------------------------------------------------

The effect of phytoncide from hinoki leaf extracted essential oil on the viability of WI38 cells was measured at doses ranging between 1 and 50 *µ*g/ml and of LPS concentrations ranging between 1 and 10 *µ*g/ml using an MTT assay following incubation of the cells for 24 h ([Fig. 3A and B](#f3-ijmm-43-01-0393){ref-type="fig"}). It was observed that cell viability was not affected until a 10 *µ*g/ml dose of phytoncide essential oil and significant cell growth inhibition (47%) was observed at the 50 *µ*g/ml dose. LPS stimulation led to changes in cell morphology at 5 and 10 *µ*g/ml concentrations, compared with the subsequent control. The selected concentrations of phytoncide essential oil were 1-10 *µ*g/ml based on the cell compatibility comparing with control; the LPS stimulatory dose was selected as 5 *µ*g/ml based on the morphological changes. It was observed that the normal fibroblast morphology of cells was altered, exhibiting swelling and pseudopodia formation in the LPS-stimulated cells. Furthermore, it was observed that pre-treatment with 1-10 *µ*g/ml concentrations of phytoncide essential oil significantly reduced the stimulated swelling and pseudopodia formation induced by LPS in a dose-dependent manner ([Fig. 3C](#f3-ijmm-43-01-0393){ref-type="fig"}). Therefore, these data indicate that the morphological observation of WI38 fibroblast cell inflammation by LPS can be suppressed by the terpenes of essential oil from *C. obtusa* leaf.

LPS-induced expression of iNOS and COX-2 is inhibited by phytoncide essential oil in WI38 fibroblast cells
----------------------------------------------------------------------------------------------------------

In order to investigate the anti-inflammatory effect of phytoncide essential oil, western blot analysis was performed. The experimental results of the western blot analysis determined that 5 *µ*g/ml LPS markedly increased the expression of iNOS and COX-2 at 24 h duration in the WI38 fibroblast cells compared with the untreated control group of WI38 cells. Pre-treatment of the WI38 cells with 1-10 *µ*g/ml phytoncide essential oil for 1 h led to a significant decrease in the expression of iNOS in a dose-dependent manner compared with that in the LPS-stimulated cells at 24 h. Furthermore, phytoncide essential oil significantly suppressed the production of COX-2 in the LPS-stimulated WI38 cells at 5 and 10 *µ*g/ml doses. These data indicated that, the terpenes of essential oil from *C. obtusa* leaf inhibits LPS-stimulated protein secretion of iNOS and COX-2 in WI38 fibroblast cells ([Fig. 4](#f4-ijmm-43-01-0393){ref-type="fig"}).

Phytoncide essential oil attenuates NF-κB activation
----------------------------------------------------

NF-κB is activated at sites of inflammatory disease. To confirm the anti-inflammatory role of phytoncide essential oil in WI38 cells, the expression of inflammatory proteins were detected and evaluated. The phosphorylation of NF-κB or translocation of NF-κB to the nucleus of the WI38 inflamed cells were observed via immunofluorescence. The confocal imaging results indicated that the LPS-treated cells exhibited a marked increase of p-p65 in the nucleus, compared with the untreated or negative control cells. The co-treated groups showed complete suppression of the expression of p-p65 in the nucleus of WI38 cells pre-treated with 5 and 10 *µ*g/ml phytoncide essential oil ([Fig. 5A](#f5-ijmm-43-01-0393){ref-type="fig"}). Furthermore, the protein expression of the total form of p65 decreased in the LPS-stimulated group was significantly increased in the phytoncide essential oil co-treated groups, and NF-κB inhibitor or inactivated IκB-α protein also decreased following LPS-stimulation and increased in the phytoncide essential oil pre-treated group in the total cell lysate ([Fig. 5B](#f5-ijmm-43-01-0393){ref-type="fig"}). Therefore, these data indicated that treatment with essential oil from *C. obtusa* leaf containing terpenes inhibited the inflammation in WI38 fibroblast cells exposed to LPS stimulation by inhibiting the translocation of NF-κB from the cytosol leading to nuclear activation.

Discussion
==========

Inflammation is a protective response to noxious stimuli that occurs unavoidably at a cost to normal tissue function, mainly depending on the type of cells and molecular mediators involved, and are classified as acute vs. chronic and local vs. systemic ([@b23-ijmm-43-01-0393]). The characteristic features of several chronic inflammatory diseases are their persistence and predilection for certain sites. The prevalence of any disease is due to the lack of therapeutic targets which have no side effects during treatment. The mechanism underlying the development of inflammation and pathological pain in disease is associated with an increase in pro-inflammatory cytokines interleukin (IL)-6, IL-8, IL-β, tumor necrosis factor (TNF)-α, chemo-kines, adhesion molecules, and matrix metalloproteinases, followed by a decrease in anti-inflammatory interleukin secretion, the production of COX-2 and iNOS and activation of the NF-κB/Rel transcription family pathways ([@b24-ijmm-43-01-0393]).

Natural products and the therapeutic strategies related to them are the foremost treatment methods in the development for a potent medicine with no adverse effects. Several reports on the anti-inflammatory effects of bioactive medicinal herbs have explained these: *Ailanthus altissima* in ovalbumin induced lung inflammation via the down-regulation of T helper 2 (Th2) cytokines and eotaxin transcripts in bone marrow-derived mast cells ([@b25-ijmm-43-01-0393]); herb mixture PM014 attenuated lung inflammation in a murine model Balb/c mice against COPD ([@b26-ijmm-43-01-0393]); pomegranate extract attenuated cigarette smoking-induced inflammation in human alveolar cells ([@b27-ijmm-43-01-0393]), and curcumin-resveratrol combination led to anti-inflammatory and proapoptotic effects in the MRC-5 human lung fibroblast cell line ([@b28-ijmm-43-01-0393]).

Essential oils are complex volatile compounds, which have potential therapeutic activity that depends mainly on their types, including aldehydes, phenolics, terpenes, and other antimicrobial compounds ([@b29-ijmm-43-01-0393]). Essential oil mixed with mint, eucalyptus, spruce and frankincense compounds have exhibited curative effects against acute airway inflammation induced by air PM~2.5~ air pollutants in mice ([@b30-ijmm-43-01-0393]). Phytoncide or wood essential oil has been investigated for health beneficial activities, including enhancing the activity of NK cells by the induction of intracellular perforin, granzyme A, and granulysin in NK-92MI human cells ([@b31-ijmm-43-01-0393]). Hinoki cypress (*C. obtusa*) is a coniferous tree and predominant cypress species in Asia, found in Japan and South Korea, which contains volatile or essential oil in its leaves and twigs. The direct inhalation of essential oil or contact with cypress wood has been widely investigated for its physiological and psychological relaxation properties without harmful effects on the body ([@b8-ijmm-43-01-0393],[@b12-ijmm-43-01-0393],[@b13-ijmm-43-01-0393],[@b32-ijmm-43-01-0393]). *In vitro* studies have shown that phytoncides decrease the capacity of LPS-induced inflammatory responses in MAC-T mammary alveolar epithelial cells ([@b33-ijmm-43-01-0393]) and in RAW 264.7 macrophage cells ([@b18-ijmm-43-01-0393]). Monoterpene β-thujaplicin of *C. obtusa* have been shown to inhibit inflammatory expression in RAW 264.7 cells and septic shock in mice ([@b34-ijmm-43-01-0393]); whereas α-phellandrene mono-terpene in *Schinus molle* L. essential oil exhibits enhanced NK cell activity in normal BALB/c mice ([@b35-ijmm-43-01-0393]). Similarly, in the present study, exposure to terpenes of essential oil at different concentrations led to the inhibition of LPS-induced inflammation in WI38 cells, and inhalation of the essential oil enhanced the capacity of lung alveoli in rats.

Inflammatory mediators, including eicosanoids, are biosynthesized by COX and lipoxygenase enzymes, in which the eicosanoid-generating enzyme, COX-2 has been found to be essential for the production of prostaglandins in inflammatory diseases ([@b25-ijmm-43-01-0393],[@b36-ijmm-43-01-0393]). The up-regulation of COX-2 leads to inflammatory cytokine release, which can further dictate the extent and type of inflammatory response from immune and non-immune cells. In chronic lung inflammation, pro-fibrotic and immunoregulatory Th2 cytokines are important in disease exaggeration ([@b2-ijmm-43-01-0393]). The role of iNOS protein in the pathogenesis of allergen-induced airway inflammation and lung fibrosis further explains the function of this protein in defining the context of acute or chronic inflammatory response in disease exaggeration ([@b1-ijmm-43-01-0393]). Several studies have addressed the anti-inflammatory regulation by the inhibition of iNOS and COX-2 in injured, allergy-evoked or damaged tissue and cells, suggesting therapeutic targets for respiratory inflammatory disease ([@b1-ijmm-43-01-0393],[@b25-ijmm-43-01-0393],[@b37-ijmm-43-01-0393],[@b38-ijmm-43-01-0393]). Similarly, the present study showed that terpenes in essential oil inhibited the LPS-stimulated expression of iNOS and COX-2 inflammatory mediators in WI38 fibroblast cells.

The redox-sensitive transcription factor, NF-κB, is an important participant in a broad spectrum of inflammatory networks that regulate cytokine activity in airway pathology ([@b39-ijmm-43-01-0393]). Prominent transcription factors in airway disease include NF-κB, activator protein-1 (AP-1), glucocorticoid receptors and nuclear factor of activated T cells ([@b40-ijmm-43-01-0393]). Inflammatory target proteins, including MMP-9, intercellular adhesion molecule-1, vascular cell adhesion molecule-1, COX-2 and cytosolic phospholipase A2, are associated with airway and lung inflammation in response to various stimuli ([@b41-ijmm-43-01-0393]). Therapeutics that target the NF-κB family can inhibit its translocation during inflammation in a process termed *trans*-repression and can protect against the condition of pulmonary and airway obstruction-associated inflammation ([@b23-ijmm-43-01-0393],[@b39-ijmm-43-01-0393]). Several studies have described the therapeutic implications on lung diseases and its pathogenesis by inhibiting the NF-κB pathway through microRNA-194 in infantile pneumonia ([@b42-ijmm-43-01-0393]), and curcumin and resveratrol combination in MRC-5 cells for idiopathic pulmonary fibrosis ([@b28-ijmm-43-01-0393]). The suppression of NF-κB in inflammatory diseases by natural compounds derived from plants have been reported for inflammatory diseases by inhibiting its downstream targets viz., and inflammatory mediators iNOS, COX-2 and PGE2 ([@b43-ijmm-43-01-0393]-[@b47-ijmm-43-01-0393]). The utilization of natural compounds as a potential treatment method in inflammatory airway diseases, for reversion to the healthy condition of cells or tissues, is a prime target of investigation. Therefore, the present study supports that terpenes in essential oil from the *C. obtusa* leaf inhibits the translocation of NF-κB in WI38 cells.

The present study sheds light on the anti-inflammatory mechanism of terpenes in phytoncide essential oil from the Korean *C. obtusa* leaf by inhibiting the inflammatory mediators iNOS and COX-2 and potent transcription factor NF-κB in order to protect the lung from severe inflammatory diseases ([Fig 6](#f6-ijmm-43-01-0393){ref-type="fig"}). Therefore, these findings suggest that terpene compounds in essential oil of hinoki cypress can be used as a safe therapeutic agent for the treatment of respiratory inflammation and improvement of respiration capacity. However, further investigations are required to provide further insight into the details of its molecular mechanism.
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![Total ion chromatogram of essential oil extracted from hinoki cypress (*Chamaecyparis obtusa*) leaf. A total of 24 component peaks were observed. The peaks were categorized as 12 monoterpenes; 11 sesquiterpenes and 1 diterpene.](IJMM-43-01-0393-g00){#f1-ijmm-43-01-0393}

![Histopathological changes in lung tissue following essential oil inhalation. Hematoxylin and eosin staining of tissues (B) in rats exposed to essential oil phytoncide inhalation (100 kg/cm^3^) or (A) normal (control) Sprague-Dawley rats over 4 weeks of treatment were observed under a microscope (magnification, ×400).](IJMM-43-01-0393-g01){#f2-ijmm-43-01-0393}

![Cell compatibility and anti-stimulatory effect of essential oil on LPS-induced WI38 fibroblast cell inflammation. (A) Morphological observation of WI38 fibroblast cells treated with various concentrations (1-50 *µ*g/ml) of essential oil on cell compatibility. (B) Morphological observations of WI38 fibroblast cells show the inflammatory effects of LPS stimulation (1-10 *µ*g/ml) compared with untreated cells. (C) Morphological observation of inflammation reduction in the 1 h pre-essential oil treated group in 5 *µ*g/ml LPS-stimulated WI38 cells at 24 h. Cell viability observations showed that essential oil treatment in the LPS-stimulated groups significantly suppressed inflammation compared with that in the positive control or LPS stimulation-induced cells (magnification, ×10). Black arrows indicate the morphological changes in fibroblast cells induced by LPS stimulation. Data represented as the mean ± standard deviation of three replicate independent experiments.^\*\*\*^P\<0.01, compared with the subsequent control group; ^\^^P\<0.05 and ^\^\^^P\<0.01, compared with the LPS-stimulated group. LPS, lipopolysaccharide.](IJMM-43-01-0393-g02){#f3-ijmm-43-01-0393}

![Suppression of iNOS and COX-2 in LPS-stimulated WI38 fibroblast cells by essential oil treatment. WI38 cells were pre-treated with 1-10 *µ*g/ml concentrations of phytoncide essential oil for 1 h followed by 5 *µ*g/ml LPS treatment for 24 h. The effect of phytoncide essential oil on the LPS-induced pro-inflammatory mediator protein expression of iNOS and COX-2 were observed by immuno-blotting. Densitometric analyses showed the suppressed expression of iNOS and COX-2 proteins compared with the LPS (positive control) group of WI38 cells. Data represented as the mean ± standard deviation of three replicate independent experiments. ^\*^P\<0.05, ^\*\*^P\<0.01 and ^\*\*\*^P\<0.001 compared with the positive control group; ^\#^P\<0.05 and ^\#\#\#^P\<0.01, compared with the negative control (un-treated) group. β-actin was used as internal control. iNOS, inducible nitric oxide synthase; COX-2, cyclooxygenase-2; LPS, lipopolysaccharide.](IJMM-43-01-0393-g03){#f4-ijmm-43-01-0393}

![NF-κB inhibition by essential oil treatment of LPS-inflamed WI38 fibroblast cells. Representative images of cellular localization and immuno-blot analysis in WI38 cells. (A) Confocal images showed p-p65 or NF-κB translocation to the nucleus following LPS stimulation compared with untreated cells, whereas the phytoncide essential oil pre-treated group showed suppressed NF-κB activation and reversion of its location to the cytosol (magnification, ×20). (B) Western blot results show the protein expression of total p65, NF-κB and IκB-α in whole cells, with a reduction in p65 and IκB-α on LPS stimulation and a subsequent increase in the phytoncide essential oil co-treated group of WI38 cells. Data represented as the mean ± standard deviation of three replicate independent experiments. ^\*\*^P\<0.01, compared with the LPS-stimulated group. β-actin was used as internal control. LPS, lipopolysaccharide; NF-κB, nuclear factor κ-light-chain-enhancer of activated B cells; IκB, inhibitor of NF-κB; p-p65, phosphorylated p65.](IJMM-43-01-0393-g04){#f5-ijmm-43-01-0393}

![Schematic diagram showing the anti-inflammatory regulation by phytoncide essential oil on lung inflammation. LPS stimulated NF-κB and inflammatory mediator activation in WI38 cell inflammation. Phytoncide essential oil inhibited the LPS-induced inflammation in WI38 cells and enhanced the lung alveolar capacity in Sprague-Dawley rats, indicating its therapeutic potency for lung inflammatory diseases. LPS, lipopolysaccharide; NF-κB, nuclear factor κ-light-chain-enhancer of activated B cells; IκB, inhibitor of NF-κB; p-p65, phosphorylated p65; iNOS, inducible nitric oxide synthase; COX-2, cyclooxygenase-2.](IJMM-43-01-0393-g05){#f6-ijmm-43-01-0393}

###### 

Chemical composition of the essential oil obtained from *Chamaecyparis obtusa* leaf.

  Peak no.   RT (min)   Compound                                                                           M^+^   Formula          Area (%)   RI[a](#tfn1-ijmm-43-01-0393){ref-type="table-fn"}   RI[b](#tfn2-ijmm-43-01-0393){ref-type="table-fn"}   Type
  ---------- ---------- ---------------------------------------------------------------------------------- ------ ---------------- ---------- --------------------------------------------------- --------------------------------------------------- ------
  1          11.860     Thujene                                                                            136    C~10~H~16~       0.54       921                                                 920                                                 M
  2          12.150     α-Pinene                                                                           136    C~10~H~16~       1.41       930                                                 939                                                 M
  3          14.380     Sabinene                                                                           136    C~10~H~16~       10.42      971                                                 976                                                 M
  4          15.490     Myrcene                                                                            136    C~10~H~16~       4.68       991                                                 991                                                 M
  5          16.730     δ-Carene                                                                           136    C~10~H~16~       1.38       1,015                                               1,011                                               M
  6          17.405     Limonene                                                                           136    C~10~H~16~       5.39       1,026                                               1,031                                               M
  7          19.090     γ-Terpinene                                                                        136    C~10~H~16~       4.13       1,058                                               1,062                                               M
  8          20.650     Terpinolene                                                                        136    C~10~H~16~       1.19       1,087                                               1,088                                               M
  9          25.315     Terpinen-4-ol                                                                      154    C~10~H~18~O      4.78       1,176                                               1,177                                               M
  10         26.000     α-Terpineol                                                                        154    C~10~H~18~O      0.90       1,189                                               1,195                                               M
  11         30.750     Bornyl acetate                                                                     196    C~12~H~20~O~2~   5.52       1,286                                               1,289                                               M
  12         33.820     α-Terpinyl acetate                                                                 196    C~12~H~20~O~2~   18.89      1,351                                               1,352                                               M
  13         37.360     Thujopsene (widdrene)                                                              204    C~15~H~24~       1.55       1,431                                               1,431                                               S
  14         38.030     cis-Muurola-3,5-diene                                                              204    C~15~H~24~       0.73       1,447                                               1,446                                               S
  15         38.770     1,2,3,5,6,7,8,8a- Octahydro-1-methyl-6- methylene-4-(1- methylethyl) naphthalene   204    C~15~H~24~       1.54       1,464                                               1,464                                               S
  16         39.560     Germacrene-D                                                                       204    C~15~H~24~       0.78       1,482                                               1,480                                               S
  17         40.330     Unknown                                                                            204    C~15~H~24~       1.19       1,500                                               \-                                                  S
  18         41.370     δ-Cadinene                                                                         204    C~15~H~24~       0.67       1,507                                               1,524                                               S
  19         42.525     Elemol                                                                             222    C~15~H~26~O      17.45      1,552                                               1,550                                               S
  20         44.550 C   edrol                                                                              222    C~15~H~26~O      0.81       1,603                                               1,596                                               S
  21         45.805     γ-Eudesmol                                                                         222    C~15~H~26~O      6.62       1,634                                               1,626                                               S
  22         46.520     β-Eudesmol                                                                         222    C~15~H~26~O      3.84       1,653                                               1,651                                               S
  23         46.640     α-Eudesmol                                                                         222    C~15~H~26~O      4.47       1,656                                               \-                                                  S
  24         56.525     Beyerene (hibaene)                                                                 272    C~20~H~32~       1.11       1,930                                               1,995                                               D
  Total                                                                                                                            99.99                                                                                                              

Relative experimental RI: *n*-alkanes (C7-C30) were used as reference points in the calculation of relative retention indices.

RI on a DB-5 column with reference to *n*-alkanes. Monoterpenes (29.14%) and oxygenated monoterpenes (30.09%), sesquiterpenes (6.46%) and oxygenated sesquiterpenes (33.19%), diterpenes (1.11%). RT, retention time; RI, retention index; M, monoterpenes; S, sesquiterpenes; D, diterpenes.

###### 

Main major compounds of essential oil from hinoki cypress leaf analyzed by GC-MS.

  Compound                 Formula          Area (%)   RI[a](#tfn3-ijmm-43-01-0393){ref-type="table-fn"}   RI[b](#tfn4-ijmm-43-01-0393){ref-type="table-fn"}   Type
  ------------------------ ---------------- ---------- --------------------------------------------------- --------------------------------------------------- --------------------------
  Sabinene                 C~10~H~16~       10.42      971                                                 976                                                 Monoterpene
  α-Terpinyl acetate       C~12~H~20~O~2~   18.89      1,351                                               1,352                                               Oxygenated monoterpene
  Elemol                   C~15~H~26~O      17.45      1,552                                               1,550                                               Oxygenated sesquiterpene
  Myrcene                  C~10~H~16~       4.68       991                                                 991                                                 Monoterpene
  Limonene                 C~10~H~16~       5.39       1,026                                               1,031                                               Monoterpene
  γ-Terpinene              C~10~H~16~       4.13       1,058                                               1,062                                               Monoterpene
  Terpinen-4-ol            C~10~H~18~O      4.78       1,176                                               1,177                                               Oxygenated monoterpene
  Bornyl acetate           C~12~H~20~O~2~   5.52       1,286                                               1,289                                               Oxygenated monoterpene
  γ-Eudesmol               C~15~H~26~O      6.62       1,634                                               1,626                                               Oxygenated sesquiterpene
  β-Eudesmol               C~15~H~26~O      3.84       1,653                                               1,651                                               Oxygenated sesquiterpene
  α-Eudesmol C~15~H~26~O                    4.47       1,656                                               --                                                  Oxygenated sesquiterpene
  Total                                     86.19                                                                                                              

Experimental relative RI: *n*-alkanes (C7-C30) were used as reference points in the calculation of relative RIs.

RIs determined on a DB-5 column with reference to *n*-alkanes. RI, retention index.
